Introduction {#s1}
============

Infestation of body tissues of humans by dipterous larvae, known as myiasis, is an uncommon condition often found cutaneously in those with poor hygiene. The larvae will either be burrowed just under the skin, in a condition called furuncular myiasis, or in an open wound, in a condition known as wound myiasis \[[@R01]\]. Myiasis is also often associated with malignant conditions such as basal cell or squamous cell carcinoma (SCC) \[[@R02]\].

We describe a rare case of cutaneous myiasis located on a giant SCC of the scalp in an elderly female. Non-melanoma skin cancer (NMSC) is the most common malignancy amongst Caucasians worldwide \[[@R03]\]. The two major types of NMSC are basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). Giant skin cancers are by definition greater than 5 cm. These subtypes are associated with a significantly increased risk of complications and mortality \[[@R04]\]. These cancers also provide a surgical challenge especially if it is invasive, as in our case, and often involves a multidisciplinary multimodality treatment plan.

Case Report {#s2}
===========

A 95-year-old female presented to the emergency department with a scalp wound and myiasis. Patient had a history of type 2 diabetes mellitus, hypertension, hypothyroidism and a long standing BCC of the scalp (per the patient's family). Over the course of several months, the scalp lesion had grown larger. The patient presented with bleeding from the scalp lesion after local trauma secondary to a fall. The wound was left uncovered and the patient noticed the "maggots" a day later. The wound was circular in shape, approximately 5+ cm in its largest diameter with rolled edges infested by around 20 - 30 larvae.

Detailed physical examination performed during the initial emergency department visit showed no other abnormalities. Point of care labs obtained were within normal limits excluding a mild anemia. During this visit, all larvae were physically removed, and the wound was thoroughly irrigated first with saline and subsequently with peroxide. Dakins ½ strength dressings were then applied.

The patient underwent a formal resection of the lesion with a 1 cm margin appropriate for an SCC of the size. All necrotic tissue, as well as the scalp lesion, was excised up to the level of the pericranium. Considering the advanced age of the patient, a decision was made not to do a split thickness skin graft (STSG) at this time. Instead an OASIS Wound Matrix was applied over the area to support tissue growth. OASIS^®^ Wound Matrix, derived from porcine small intestinal submucosa, supports tissue regeneration in non-healing wounds by mimicking components of the human dermis extracellular matrix and contains collagens, GAGs, glycoproteins, and proteoglycans \[[@R07]\]. A wound vacuum was avoided so as not to promote angiogenesis in a cancer bed, instead a bolster was used to secure the OASIS graft in place. The patient tolerated the surgery well.

The specimen was analyzed using direct microscopy, hematoxylin and eosin (H&E) stain, and chromogenic *in situ* hybridization (CISH). The specimen was positive for partially keratinized ulcerative SCC of the scalp that was moderately differentiated and invasive, as seen in [Figure 1](#F1){ref-type="fig"}. The tumor cells were described as large with irregular, atypical, hyperchromatic nuclei with nucleoli, which can be observed in [Figure 2](#F2){ref-type="fig"}.

![Low magnification. Invasive partially keratinized squamous cell carcinoma.](wjon-07-034-g001){#F1}

![High power. Tumor cells are large with irregular, atypical, hyperchromatic nuclei with nucleoli. Few atypical mitosis in the background.](wjon-07-034-g002){#F2}

A follow-up clinic review a week later showed the wound to be clean, dry, and intact. The OASIS was noted to exhibit "excellent signs of uptake" that included a well-vascularized wound bed, with no signs of necrosis or drainage. The patient was referred for multidisciplinary review.

The patient was examined in the clinic a month later. This time the excised lesion grew in size with localized areas of abscess. The patient underwent incision and drainage along with debridement of necrotic tissue. The pathology was reported as invasive SCC of acantholytic type.

A metastatic workup was performed. CT scan of the soft tissue of the neck showed no neck masses or fluid collection. The CT was also negative for cervical lymphadenopathy. However, the CT of the chest did show the presence of a 1.8 cm left upper lobe pulmonary nodule. The provisional diagnoses were between metastasis versus a primary neoplasm. There was another lesion in the right upper lobe 2 mm in diameter which was essentially thought to be benign. Again the consensus was to follow conservatively the pulmonary lesions because of her advanced age and family discussion. A decision was then made for the patient to undergo radiation. Home health care was arranged for regular dressing changes.

The patient however was readmitted a month later with hypotension and generalized weakness and signs and symptoms of sepsis. She was empirically started on broad spectrum antibiotics and hemodynamic support. Due to her intricate history and guarded prognosis infectious disease, medical oncology, hematology, and palliative medicine were involved in her care. This time the scalp lesion had grown in size. CT and visual inspection showed a tumor with dimensions more than 7 cm with a raised summit of approximately 1.5 cm that was invading the calvarium, as seen in [Figure 3](#F3){ref-type="fig"}. The patient made a good recovery and is presently scheduled to undergo radiation of 5,000 - 6,000 cGy in 24 daily fractions. After informed discussion she was deemed unsuitable for aggressive chemotherapy.

![CT scan showing erosion of calvarium.](wjon-07-034-g003){#F3}

Discussion {#s3}
==========

Myiasis is derived from a Greek word "mya", or fly, and was first proposed by Hope in 1840 to define human diseases caused by the larvae of Diptera \[[@R08], [@R09]\]. Myiasis is usually classified based on entomological and clinical/anatomical point of view. Entomologically the causative flies can be largely divided into three myiasis producing groups: obligatory, facultative, and accidental/pseudomyiasis. Clinical classification is based on their anatomical location \[[@R02]\]. Myiasis is classified into 1) sanguinivorous, or bloodsucking; 2) cutaneous myiasis, furuncular, and migratory; 3) wound myiasis; and 4) cavitary myiasis. This classification was used by Francesconi et al \[[@R02]\] based on Bishop's classification, who first proposed it in 1962, and later modified by James \[[@R10]\] and Zumpt \[[@R11]\]. Nosocomial myiasis attributed to myiasis in a hospital setting was first proposed by Jacobson in 1980 \[[@R08], [@R12]\].

Presentation of myiasis can vary significantly between these categories. The two broadest of these categories are cutaneous myiasis and cavitary myiasis \[[@R02]\]. Cavitary myiasis can occur in any internal orifice within the human body, but typical locations include urogenital, intestinal, tracheopulmonary, ophthalmological, cerebral, and various other ENT locations \[[@R13]\]. Cutaneous myiasis is another major category of myiasis and, as its name suggests, is confined to the skin \[[@R14]\]. Cutaneous myiasis is the far more common of the two forms and typical presents as either furuncular myiasis, which involves larval penetration within the skin giving a papule/pustule like appearance to the skin superior to the larva, or wound myiasis, which will typically present as an open wound with a number of clearly visible larvae within \[[@R14]\]. Migratory cutaneous myiasis is also possible. Myiasis is generally a clinical diagnosis, acquired via patient history and physical exam. The important risk factors for cutaneous or cavitary myiasis are poor hygiene, advanced age, alcoholics, chronic diseases such as diabetes mellitus and peripheral vascular diseases, psychiatric disorders and low socioeconomic status \[[@R15]\]. Certain infections, such as leprosy, are also associated with myiasis as are malignant wounds \[[@R02]\].

Wounds attributed to malignant conditions, usually BCC and SCC, have been found to be associated with myiasis \[[@R13]\]. Despite malignant wounds being known to be a predisposing factor for myiasis, myiasis is largely underreported \[[@R16]\]. Although a number of larvae species are found to be associated with myiasis, malignant wound myiasis is almost exclusively the result of infestation of larvae from Calliphorida and Sarcophagidae. Specifically, *Lucilia sericata* is the most common species identified in malignant wound maggot infestations. *L. sericata* is also known as the green bottle fly. Wollina et al in a brief report "Myiasis on squamous cell carcinoma of skin" reported three cases all associated with Lucilia spp. in a retrospective search from 2001 to 2014 \[[@R03]\]. In the same report, the author mentioned 12 other cases of SCC-associated myiasis due to different species.

This underrepresentation is likely the result of patient's psychological state of denial or avoidance of issues related to their oncologic condition \[[@R02]\]. Malignant conditions related to myiasis are most commonly those involving the skin, yet they have been found to be associated with a number of other malignancies as well, although less commonly \[[@R02]\]. These conditions include eccrine adnexal neoplasm, angiosarcoma, larynx carcinoma, breast cancers, Kaposi's sarcoma, melanoblastoma, non-Hodgkin's lymphoma, and cervical cancer \[[@R08], [@R22]\].

Malignant wounds result from cancerous invasion of lymph and blood vessels supporting the affected tissue \[[@R30]\]. Quality of life is a major concern in malignant wound management and often involves addressing the psychological effect a malignant wound can have on a patient \[[@R02]\]. Physical findings such as malodor, pain, and exudate can often result in severe psychological symptoms resulting in feelings of isolation \[[@R02]\]. Isolationism can result in worsening of wounds, demonstrated by myiasis in this case \[[@R02]\].

The goal of treatment is removal of larvae, treatment of secondary infections if present and surgical debridement if required \[[@R31]\]. Symptomatic improvement occurs immediately with the removal of the larvae. Such prompt action can obviate the need for antibiotics. The larvae in superficial wound myiasis can be removed with forceps. These larvae which are photophobic burrow deep into the tissues \[[@R16]\]. Localized asphyxia induced by various methods of wound occlusion will force these larvae to move out \[[@R16]\]. The options used to create occlusion are petroleum, animal fat, beeswax, butter, liquid paraffin, hair gel, nail polish, mineral oil and polymyxin B \[[@R02]\]. One percent lidocaine injection into deeper tissue planes and liquid nitrogen can also help in extraction \[[@R08]\]. In the presence of dead tissue, surgical exploration of the wound should be performed, larvae should be removed without cutting them and dead tissue should be debrided.

Initial surgical debridement of necrotic and malignant tissue is often preferred in cases associated with cutaneous wound malignancy, followed by pressure irrigation \[[@R31]\]. More advanced surgical techniques may be required for wound closure, depending on size and location of the malignant wound, seen by the use of a wound matrix in this case. Preferred treatment of myiasis requires removal of all visible larvae and possibly debridement of necrotic tissue \[[@R32]\]. This treatment can be complicated by tunneling of larvae away from the wound, and for this reason irrigation is often also recommended \[[@R02]\]. Use of 15% chloroform in olive oil can prevent tunneling as it has been found to paralyze larvae in certain instances \[[@R02], [@R33]\]. A solution of 1% ivermectin in propylene glycol is also a possible topical therapy \[[@R34]\]. Surgical extraction can be complemented with the use of systemic anti-helminth drugs, e.g. albendazole or ivermectin.

In situations where complicated anatomical structures are involved or removal by other means has been unsuccessful, surgical removal of the larvae may be required, though this is typically not the case \[[@R13]\]. Use of vacuum removal via venom extractors has even been employed in some scenarios where more typical modalities proved unsuccessful \[[@R14], [@R35]\].

SCC is the second most common cause of skin cancer, after BCC \[[@R36]\]. Cutaneous SCC (cSCC) originates from malignant proliferation of the keratinocytes of the epidermis \[[@R37], [@R38]\]. Eighty to ninety percent of these cancers develop on the sun exposed areas of the head and neck and usually occur at sites of high cumulative chronic ultraviolet light exposure \[[@R38]\]. Malignant skin tumors rarely occur in the scalp but unless promptly diagnosed and treated appropriately, they can grow rapidly and infiltrate the underlying cranium, as in our case \[[@R37]\]. Lang et al recommend that scalp tumors, because of their high incidence of morbidity and mortality, be managed in an aggressive manner \[[@R39]\].

The size of the cSCC on initial diagnosis is significant as it is related to the prognosis. Increase of tumor size is associated with increased recurrence risk as well as regional lymph node metastases \[[@R40], [@R41]\]. Depth of invasion, histological differential grade, and presence of perineural and lymphovascular invasion are some of the anatomic-pathological criteria which need to be taken into account. Recurrence is also associated with regional metastasis. Patients with incomplete resection are also at increased risk of recurrence as in our case and subsequent regional metastasis \[[@R41], [@R42]\]. Veness et al found 15% of recurrences in patients who had metastatic disease \[[@R43]\]. Huang and Boyce cited another study stating 50% of cSCC lesions with positive margins recurred with consequent increase in risk of metastases \[[@R44]\].

Complete surgical excision with histologically tumor free margins remains the ideal treatment option \[[@R45]\]. Alternatives like cryotherapy, photodynamic therapy and electrocoagulation are considered suboptimal in high risk cSCC \[[@R45]\]. There is no consensus concerning the use of selective sentinel node biopsy (SNB) in high risk cSCC. Some authors have advocated the use of SNB in immunocompromised patients, especially in cases that are poorly differentiated, recurrent, larger than 4 cm across, or those which arise in a chronic inflammatory lesion, scar tissue, etc. \[[@R48]\]. Radiation grossly yields poorer outcome compared to surgery in high risk cSCC and is usually reserved for elderly patients with inoperable tumors. High risk patients with perineural invasion, positive or indeterminate surgical margins, or in transit metastases benefit from adjuvant radiotherapy. Some chemotherapy agents have increased survival in high risk or locally advanced cSCC. Oral capecitabine or 5-fluorouracil (5-FU) has shown good results in the treatment of locally advanced cSCC \[[@R46]\]. Combination of 5-FU and subcutaneous interferon alpha for 2 - 3 weeks also has shown good results \[[@R47], [@R49]\]. The EGFR inhibitor cetuximab has yielded encouraging results used alone or in combination with 5-FU and cisplatin, both with or without radiation therapy \[[@R47], [@R50]\].

Malignant scalp neoplasms which are aggressive enough to erode the bone and invade the cranial cavity are extremely rare \[[@R02], [@R38], [@R39], [@R53]\]. The most common neoplasm in such a scenario is SCC, although there have been isolated reports of BCC, basosquamous carcinoma, adnexal carcinoma, e.g., giant eccrine adenocarcinoma, familial cylindromatosis, Merkel carcinoma, Marjorin's ulcer, dermatofibrosarcoma, sebaceous carcinoma, and melanoma \[[@R37]\]. Such tumors cause extensive scalp ulceration invading the periosteum, subsequently eroding the underlying bone and extending into the cranial cavity. They may also eventually invade the dura mater and venous sinuses (e.g. sagittal sinus involvement) and often secondarily infected \[[@R37], [@R55], [@R59]\]. All reported cases had begun as growing ulcerative lesions which were neglected by the patients \[[@R37]\].

Scalp reconstruction can be challenging. A multidisciplinary approach including a neurosurgeon along with a plastic surgeon is often necessary to ensure safe tumor extirpation and effective reconstruction. In patients with extensive malignancies, like ours, survival takes precedence over function and esthetics \[[@R60], [@R61]\]. Patients requiring radiation therapy present with added problems. STSG in these cases provide inadequate durability while staged procedures can delay adjuvant therapy \[[@R60]\]. Elderly patients, such as ours, often have poor surrounding tissue quality and often large defects are not amenable to primary or local flap closure \[[@R62]\]. Regional or free flaps may be a better option as they supply healthy tissue with their concomitant vascular supply and thus provides an optimal environment for tissue healing. This is particularly important in the scenario of radiotherapy. When all local options are exhausted trapezius, anterolateral thigh and latissimus dorsi flaps can be of use \[[@R60]\].

Our patient presented with a large fungating invasive SCC of the scalp despite previous resection. Current computer tomographic scan demonstrated a (7 × 5 cm) lesion with bicortical calvarial involvement. Because of her advanced age and in accordance with a multidisciplinary team consensus involving the patient's family a decision was made to avoid any craniectomy and advanced flap closure in this patient.

Conclusion {#s3a}
----------

Myiasis describes a group of disorders in which animal or human tissues serve as a host for the larvae of various dipterous flies, colloquially known as "maggots". The Diptera genera that commonly infest humans are Cochiliomyia (screwworm), Wohlfahrtia (flesh fly), Cordylobia (Tombu fly), and Dermatobia (botfly) \[[@R31]\]. This condition has a low incidence in temperate climates. We present an uncommon case of wound myiasis presenting itself as a complication of a neglected ulcerative SCC of the scalp. Besides being a giant cutaneous malignancy, this lesion had invaded the periosteum, and eroded the underling bone. We discuss the management options of such an uncommon case along with relevant literature review.
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